second-order CF expresses the similarity of the relative phases at two different positions: if the relative phases have the same sign, the CF will be positive (correlated); if they have opposite signs, the CF will be negative (anti-correlated); and if they sometimes have the same sign and at other times have opposite signs, the CF will be negligible (uncorrelated).
For quantum systems that have a constant relative phase (after taking the average of multiple measurements), the fluctuations around this average look like experimental background noise when observed in a single measurement. In these systems, the interplay between two types of noise contains information about higher-order CFs (those of order greater than one). First, there is quantummeasurement noise -individual quantum measurements have a fundamental noise owing to relations similar to the Heisenberg uncertainty principle, which constrains the precision with which the position and momentum of quantum objects can be measured. Second, there is thermal noise, which results from extra motion present in systems at non-zero temperatures. Schweigler et al. generated a huge amount of data to evaluate the combination of these sources of fluctuations. This allowed the authors to calculate higher-order CFs that are required for testing theoretical models of such quantum systems.
Schweigler and colleagues' experiment consisted of a pair of weakly interacting onedimensional quantum fluids -comprising thousands of ultracold rubidium-87 atoms -that behave in a wave-like manner (Fig. 1) . The authors used a measurement technique known as matter-wave interferometry 5 to determine the CFs of the system; the interference between the two waves produced an interference pattern whose fringes (bright or dark bands) corresponded directly to the relative phase between the waves.
The authors calculated 'disconnected' CFs, in which the information present in lowerorder CFs was removed. In many systemsfor example, atomic gases ultracooled to a phase of matter known as a Bose-Einstein condensate 6 -only first-and second-order disconnected CFs contain useful information. However, Schweigler et al. evaluated disconnected CFs up to tenth order. They found that these contain information that is not present in any combination of lower-order CFs, highlighting the complexity of their system. Furthermore, the authors showed that the CFs were in agreement with predictions of the sine-Gordon quantum field theory 3 , rather than with those of more-conventional and simple models of 1D quantum fluids 7 . Although Schweigler and colleagues' study represents a powerful first demonstration of their technique, only a tiny fraction of the information present in their CFs was used. An nth-order CF is an n-dimensional function of the positions at which the measurements are taken, but the authors fixed all but two of these quantities -they restricted their study to 2D parameter spaces or, even more restrictively, looked at simple averages over all the positions. These simplifications made the authors' data easily tractable, but simultaneously erased most of the information present in their CFs. A crucial next step will therefore be to develop the theoretical and numerical tools required to interpret all the data present in these CFs and to fully characterize the corresponding quantum systems.
Moreover, the physics describing the authors' weakly interacting 1D quantum fluid was not under debate. However, their methodology might in future be applied to strongly interacting systems in which the underlying physics is not established. In particular, their technique is broadly applicable to 1D systems including disordered quantum systems of interacting atoms far from thermal equilibrium, in which the unknown physics of manybody localization 4 
Tools to eliminate senescent cells
Ageing and many diseases are partly driven by the accumulation of damaged cells that no longer divide. It emerges that these senescent cells can be eradicated in mice using a drug that interferes with the activity of the protein FOXO4.
M A N U E L S E R R A N O

I
f cells incur too much damage, they undergo either a self-elimination process known as apoptosis or a self-disabling process called senescence. Senescent cells can be long-lived, and so accumulate in aged and damaged organs 1 . The elimination of senescent cells is known [2] [3] [4] [5] [6] to increase healthy lifespan and reduce the severity of age-related diseases in mice. Writing in Cell, Baar et al. 7 expand our understanding of this phenomenon. They report that senescent cells depend on the transcription factor forkhead box protein O4 (FOXO4) for their survival, and show in mouse models that both age-associated defects and tissue dysfunction caused by chemotherapy can be reversed by pharmacologically perturbing the function of this protein.
Senescent cells forcibly block their own capacity to proliferate while programming themselves to secrete signalling moleculesa phenomenon known as the senescenceassociated secretory phenotype (SASP). It has been proposed 8, 9 that the normal function of the SASP is to restore tissue function in two ways: first, by stimulating less-damaged neighbouring cells to engage in tissue repair; and second, by attracting inflammatory cells to eliminate senescent cells and turn off SASPmediated signals. However, this restorative process may fail when the extent, duration or frequency of damage exceeds repair capacity, or when reparative and inflammatory cells become unresponsive to the effects of the SASP. The end result is an aberrant accumulation of senescent cells that, contrary to their initial purpose, aggravate tissue dysfunction.
In the past two years, it has become clear that senescent cells have distinct molecular vulnerabilities that can be targeted by senolytic compounds -pharmacological agents that preferentially kill senescent over non-senescent cells 2 . Senescent cells express high levels of pro-and anti-apoptotic factors, and are therefore poised on the brink of cell death 4, 5 . This is the basis for prototypical senolytics, which inhibit members of the survival-promoting BCL-2 protein family to tip cells into apoptosis. A senolytic based on a combination of two drugs has also been found, but the molecular basis for its activity remains to be elucidated 2, 6 . Baar et al. set out to learn more about the mechanism by which senescent cells restrain themselves from undergoing apoptosis. Geneexpression data revealed that the transcription factor FOXO4 is upregulated in senescent cells compared with normal cells. The authors further showed that downregulation of FOXO4 using an inhibitory RNA molecule triggered apoptosis in senescent but not in normal cells, whereas downregulation of other Mr Anthony Wedgwood Benn, Minister of Technology, seems hopeful that Britain's application to join the Common Market may help to limit the flow of qualified manpower to the United States. Speaking at a symposium … on "Aspects of the Brain Drain", he said that the continent would become a magnet at least as powerful as the United States or the Soviet Union. Joint projects such as ELDO and Concorde were all very well, he suggested, but it was not only by big science that Europe could be made a good place to work in. The universities and industry, and people's attitudes towards them, were the really critical things … Mr Benn outlined the possible approaches to the problem. No forms of restriction appealed to him, either of the free motion of people or the freedom of other people to advertise for emigrants. From Nature 20 May 1967
Years Ago
Pure "blood charcoal" is a reagent of considerable importance to the physiological chemist. It is not only required from the decolorisation of liquids, but also for selective adsorption in an important series of quantitative estimations of animal fluids. My Stock of Merck's blood charcoal is nearly exhausted, and I cannot obtain a supply of any homemade article that is suitable. I should be most grateful if any of your readers could give me any information as to the method of preparation of blood charcoal, or the name of a firm that would be willing to manufacture and supply the article. Material as good as Merck's would command a ready sale at home as well as in America, where they have had to abandon rapid and accurate methods of analysis owing to the lack of the necessary charcoal. From Nature 17 May 1917 FOXO family members had no effect.
FOXO4 and some of its family members promote cell survival, in part through inter actions with multiple protein partners 10 . On the basis of the authors' observations, FOXO4 can now be regarded as having a specialized role in promoting the survival of senescent cells. Interestingly, FOXO4 interacts with the protein p53, which is a well-established inducer of senescence 1 . The researchers therefore reasoned that this FOXO4-p53 interaction might be crucial for the survival of senescent cells, and that disrupting it would push such cells into apoptosis (Fig. 1) . To test this, they synthesized a modified peptide fragment dubbed FOXO4-D-retro-inverso (FOXO4-DRI). This peptide lacks the normal transcriptional activity of FOXO4 but binds p53 more stably than does FOXO4 itself, thus competitively inhibiting the FOXO4-p53 interaction.
FOXO4-DRI efficiently killed senescent cells without affecting non-senescent cells when administered in a range of concentrations. Baar and colleagues suggest that the altered behaviour of p53 directly led to apoptosis. In addition, FOXO4-DRI might perturb the activity of one or more of the other FOXO4 binding partners involved in the survival of senescent cells 10 . Because relatively little is known about FOXO4 in general, and even less about its role in senescence in particular, it is hard to guess what the other potential effects of FOXO4-DRI might be -more research on this is needed.
Notably, the concentration window in which FOXO4-DRI selectively kills senescent cells was broader than that in which a BCL-2 inhibitor had the same effect. Moreover, it is known 11 that FOXO4 is expressed at only low levels in most tissues, and that mice lacking the Foxo4 gene have no overt defects 11 ; this suggests that FOXO4 disruption might not cause too much damage to healthy tissues if administered in mammals. Together, these features make FOXO4-DRI an attractive senolytic peptide.
Baar et al. examined the effects of FOXO4-DRI in mice in which cells that express a marker of senescence, the gene p16
Ink4a
, were genetically engineered to emit light 12 . The authors treated the mice with doxorubicin, a drug that is widely used in chemotherapy. Doxorubicin can cause senescence and commonly has toxic side effects in mice and humans, including liver damage and weight loss. After doxorubicin administration, serial FOXO4-DRI treatments reduced the number of light-emitting, senescent cells and neutralized the drug's toxic effects.
The researchers next examined the effect of the peptide on ageing in two-year-old mice and in mice in which a genetic mutation causes premature ageing. In both, p16
-expressing cells were again programmed to produce light. FOXO4-DRI reduced luminescence, restored juvenile traits such as greater hair density and high levels of voluntary physical activity, and protected animals of both strains from progressive loss of kidney function.
Baar and colleagues' results reinforce the concept that senolysis can prevent and reverse the severity of ageing-associated defects and the side effects of chemotherapy. Senolytic strategies could also be beneficial in treating cancer. Chemotherapeutic agents can induce senescence in susceptible cancer cells -for example, those in which p53 or p16
Ink4a function normally (these genes are frequently mutated in cancer, so this is not always the case). Subsequent treatment with a senolytic agent might help to kill senescent tumour cells. This would not only diminish the effects of the SASP, which could promote tumour Baar et al. 7 report that a complex of forkhead box protein O4 (FOXO4) and the protein p53 helps to maintain cell senescence. The authors developed a pharmacological peptide called FOXO4-DRI, which they injected into these mice. FOXO4-DRI competes with FOXO4 for p53 binding, pushing senescent cells to undergo apoptotic cell death. Administration of the drug ameliorated the effects of ageing and chemotherapy.
development, but would also prevent these cells from reverting to a harmful, cancerous state. However, the usefulness of FOXO4-DRI would probably be limited to those tumours that express functional p53, given the drug's mechanism of action.
The current study adds a new member to the short list of known senolytic compounds that have therapeutic activity in mice. , and that the physics of 'radiative transfer' was beginning to be understood. Radiative transfer quantifies how solar radiation and the thermal infrared spectrum emitted by Earth's surface are scattered, absorbed and re-emitted by gases in the atmosphere, and is fundamental to quantifying the warming effect of greenhouse gases.
In 1963, Manabe's colleague Fritz Möller used the latest developments in the science of radiative transfer to question how important the global-warming effect of CO 2 is 6 . This work, along with other early studies, happened to make reasonable estimates of the CO 2 -induced warming that would occur if the climate system did not alter in some way, but did not account properly for how the system might respond. In particular, they failed to account correctly for how the distribution of atmospheric water vapour would change in a warming world.
By contrast, Manabe and Wetherald properly understood how this water-vapour feedback worked, and used that information in their new one-dimensional radiative-convective equilibrium model. This model, developed from earlier work 7 , divided the atmosphere into multiple levels and redistributed energy between them in the vertical dimension from the surface, using a combination of radiation and convection. The authors used their model to estimate the warming that would occur if CO 2 levels doubled from 150 to 300 parts per million (p.p.m.) and from 300 to 600 p.p.m. From these results, they estimated that a warming of about 2.3 °C would occur for a doubling of CO 2 -in good agreement with modern estimates 8 . In fact, Manabe and Wetherald's paper was
In Retrospect
Half a century of robust climate models A classic paper in 1967 reported key advances in climate modelling that enabled a convincing quantification of the global-warming effects of carbon dioxide -laying foundations for the models that underpin climate research today. Figure 1 | Some key developments in climate estimates and models. In the 1950s, improved knowledge of radiative transfer (which quantifies how solar radiation and the infrared spectrum emitted by Earth's surface interact with gases in the atmosphere) allowed estimates of the warming effect of carbon dioxide to be made, but these were not realistic. The first robust estimate was published in 1967, when Manabe and Wetherald 1 used a computational model that included a realistic representation of how water-vapour distribution changes in a warming world. In 1975, the same authors reported 10 a more-sophisticated model that included the effects of oceans and sea-ice cover. Climate models have since become increasingly complex. Some milestones have included the incorporation of: realistic geography (rather than a grossly simplified representation of land masses) in 1980; changes to cloud cover in the mid-1980s; aerosols in the 1990s; the effects of dynamic vegetation in the 2000s; and atmospheric chemistry in the 2010s.
